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1. INTRODUCTION {#ijgo13050-sec-0005}
===============

Guillain‐Barre syndrome (GBS) is a neuromotor disorder typically preceded by infection. GBS is characterized by ascendant, bilateral muscle weakness with depressed tendon reflexes.[1](#ijgo13050-bib-0001){ref-type="ref"} Approximately 25% of GBS cases result in respiratory distress requiring mechanical ventilation.[2](#ijgo13050-bib-0002){ref-type="ref"} Treatment involves plasma exchange or intravenous immunoglobulin. Although the most frequent causes of GBS are *Campylobacter jejuni*,*Cytomegalovirus*, and influenza A, the disorder has also been associated with dengue virus and Zika virus.[3](#ijgo13050-bib-0003){ref-type="ref"} During the Zika virus epidemic in Rio de Janeiro, Brazil, during the period 2015--2016, it was shown that neuropathies increased.[4](#ijgo13050-bib-0004){ref-type="ref"} However, until now there has not been a baseline of GBS cases prior to the Zika virus epidemic to provide a comparison with GBS rates reported during the epidemic. To assemble such a baseline, we investigated the extent to which the increase in GBS cases in 2015--2016 was greater or less than other increases over the two previous decades.

We compared a historical time series of inflammatory polyneuropathies, which included GBS, to time series of influenza, dengue virus, and Zika virus in the state of Rio de Janeiro, Brazil. Further, we analyzed medical charts of arbovirus infections that resulted in hospitalization with neurological disease. Our objectives were to explore whether epidemics of emerging viruses are associated with neurological hospitalizations in Brazil and whether models could be used to predict neurological sequelae from viral infections.

2. MATERIALS AND METHODS {#ijgo13050-sec-0006}
========================

We carried out an ecological study in which we observed time trends in the number of hospitalizations with inflammatory polyneuropathy (ICD‐10: G61) and Guillain‐Barré syndrome (G61.1) in the state of Rio de Janeiro reported to Brazil\'s hospitalization database (Sistema de Informações Hospitalares \[SIH\], in Portuguese) from 1997 to 2017 (Figs [1](#ijgo13050-fig-0001){ref-type="fig"} and [2](#ijgo13050-fig-0002){ref-type="fig"}). We analyzed data on dengue virus and Zika virus from Brazil\'s notifiable diseases database (Sistema de Agravos de Notificação \[SINAN\], in Portuguese). Zika virus cases are only available in SINAN beginning in 2016 when the virus became notifiable in Brazil.

![Stages of the analysis. We tallied GBS cases by analyzing a hospitalization database for 1997--2017 in the state of Rio de Janeiro (see Fig. [2](#ijgo13050-fig-0002){ref-type="fig"}). We also reviewed charts from 2015--17 in the Metro Area II to identify cases of GBS associated with arboviruses. Abbreviations: SIH, Portuguese acronym for hospitalization database; SINAN, Portuguese acronym for notifiable diseases database; G61, ICD‐10 code for inflammatory polyneuropathy; GBS, Guillain‐Barré syndrome.](IJGO-148-70-g001){#ijgo13050-fig-0001}

![Spatial scale of analysis of syndromic surveillance data on inflammatory polyneuropathies from 1997--2017. (A) Location of Rio de Janeiro in Brazil; (B) State of Rio de Janeiro showing the nine health districts. \[Colour figure can be viewed at <http://www.wileyonlinelibrary.com>\]](IJGO-148-70-g002){#ijgo13050-fig-0002}

To quantify trends in GBS from 1997 to 2017, we compared the number of cases reported to SIH in a given month to the number the following month. We assessed whether the difference in the number of cases from 1 month to the next was significant using Farrington\'s outbreak rate test, which is a regression model that predicts the expected number of cases in a given month based on the history of cases in previous months.[5](#ijgo13050-bib-0005){ref-type="ref"} Next, we evaluated the extent to which cases of GBS could be explained by cases of Zika virus and Zika + dengue virus. We used the hhh4 model for areal time series of counts in the statistical software R version 3.5.1.[6](#ijgo13050-bib-0006){ref-type="ref"} hh4 is a multivariate model in which the number of cases of a disease in a geographic region depends on the number of cases in the region in previous months and a neighborhood matrix that represents the probability of disease spread between regions. To prepare the data for the model, we tabulated the number of cases of GBS, Zika virus, and dengue virus per month in Rio de Janeiro\'s nine health districts. The number of cases of GBS in district *i* in month *t* depended on the population of *i*, cases of dengue virus and Zika virus in month *t*, the number of GBS cases in district *i* in month *t*‐1, and the neighborhood matrix (supporting information [Tables S1 and S2](#ijgo13050-sup-0001){ref-type="supplementary-material"}). The model included all months of the year and had sine‐cosine effects of time to reflect seasonal variation in GBS incidence. Since Zika virus and dengue virus have similar clinical presentations such as febrile illness and rash,[7](#ijgo13050-bib-0007){ref-type="ref"} we pooled the Zika + dengue virus cases into the category *arbovirus* cases. We also analyzed clinical cases of Zika virus separately from the Zika + dengue virus cases.

While the analysis of syndromic surveillance data was an ecological study in which we observed temporal trends in GBS, we also carried out a cross‐sectional study to assess the cause of GBS on clinical grounds. The cross‐sectional study took place in Metropolitan Area II of Rio de Janeiro because this area had the highest incidence of Zika virus in the state in 2016 (Fig. [2](#ijgo13050-fig-0002){ref-type="fig"}, supporting information [Fig. S1](#ijgo13050-sup-0001){ref-type="supplementary-material"}). The study was approved by the Research Ethics Committee of the Sergio Arouca National School of Public Health, Oswaldo Cruz Foundation, CAAE (approval no. 6651851690005240), and the Pan‐American Health Organization Ethics Review Committee (approval no. PAHO--2017‐03‐0037). All participants provided written informed consent before the study began.

Metro II has a population of 1.9 million and encompasses seven municipalities on the east side of the greater Rio de Janeiro metropolitan area. From 2015 to 2017, 18 hospitals in Metro II reported inflammatory polyneuropathies to SIH. We requested authorization from the hospitals' research departments to review charts and received permission at eight hospitals that represented 81% of admissions for inflammatory polyneuropathies. We visited these hospitals and used the authorization number from SIH to identify each patient\'s chart (the same patient had more than one authorization number if hospitalized repeatedly). We transcribed the physicians' notes about clinical signs and symptoms reported by the patient. Based on this information, we used the classification system proposed by Martyn and Hughes[8](#ijgo13050-bib-0008){ref-type="ref"} to categorize the inflammatory polyneuropathy as either diabetes, genetic disorder, infectious disease, vaccine‐related, alcohol, or other etiology. We also made note of whether the patient had a lab test for chikungunya, dengue, or Zika virus.

3. RESULTS {#ijgo13050-sec-0007}
==========

From 1997 to 2017, 1593 cases of GBS were reported in the state of Rio de Janeiro (annual average, 60 cases). Analysis of monthly GBS cases determined that there were significant increases in GBS from 1 month to the next for 3 years (Farrington test *P*\<0.001): in 2009 (n=115 cases) contemporaneous with the introduction of H1N1[9](#ijgo13050-bib-0009){ref-type="ref"}; in 2013 (n=85), which coincided with an epidemic of dengue virus type 4[10](#ijgo13050-bib-0010){ref-type="ref"}; and in 2015 with the arrival of Zika virus (n=326) (Fig. [3](#ijgo13050-fig-0003){ref-type="fig"}).

![Time series of cases of GBS detected by syndromic surveillance from 1997--2017 according to the SIH database. We used the Farrington test to identify months in which the number of GBS cases increased significantly over the previous year(s). \[Colour figure can be viewed at <http://www.wileyonlinelibrary.com>\]](IJGO-148-70-g003){#ijgo13050-fig-0003}

There was seasonal variation in GBS incidence with 15% fewer cases during winter. Zika virus cases were a significant variable for explaining cases of GBS (hhh4 model, *t*=2.23, *P*=0.04; supporting information [Table S3](#ijgo13050-sup-0001){ref-type="supplementary-material"}). The data were compatible with the null hypothesis that Zika virus cases provided a good fit to the GBS cases (calibration test *z*=0.836, *n*=189, *P*=0.403). As noted above, due to the difficulty of distinguishing Zika virus from dengue virus, we also pooled the data into the category *arboviruses*. The pooled data were not significant for explaining GBS cases (hhh4 model, *t*=1.59, *P*\>0.05; supporting information [Table S4](#ijgo13050-sup-0001){ref-type="supplementary-material"}). When we compared the goodness of fit of the Zika virus and Zika + dengue virus models, the former had lower errors (mean difference=0.044, permutation test *P*=0.0049).

The greatest increase in GBS from 1997 to 2017 coincided with the introduction of Zika virus in 2015--2016 (Fig. [3](#ijgo13050-fig-0003){ref-type="fig"}). A predictive model based on Zika virus cases explains the temporal pattern of GBS cases better than a model based on Zika + dengue virus (Fig. [4](#ijgo13050-fig-0004){ref-type="fig"}). An example is the metropolitan area of the city of Rio de Janeiro (Fig. [4](#ijgo13050-fig-0004){ref-type="fig"}B). The model based on Zika virus predicts a major increase in GBS cases, while the model based on Zika + dengue virus predicts a smaller increase. Dengue virus did not improve the predictive accuracy of the model because there were more than 200 000 dengue virus cases from 2001 to 2010 (supporting information [Fig. S2](#ijgo13050-sup-0001){ref-type="supplementary-material"}), but few GBS cases were reported during this period. The fit of the Zika virus model to the GBS cases is poorer for the entire state of Rio de Janeiro (Fig. [4](#ijgo13050-fig-0004){ref-type="fig"}A) than for the metropolitan area of the city of Rio de Janeiro (Fig. [4](#ijgo13050-fig-0004){ref-type="fig"}B).

![Zika cases predict cases of GBS. (A) Rio de Janeiro state; (B) Metropolitan Areas I and II. The goodness of fit of the model based on Zika + dengue virus is lower than that of the Zika virus only model. For both models, accuracy is higher in urban areas than at the scale of the state of Rio de Janeiro, which is 16% rural. \[Colour figure can be viewed at <http://www.wileyonlinelibrary.com>\]](IJGO-148-70-g004){#ijgo13050-fig-0004}

We reviewed charts at eight hospitals, which encompassed 80 (82.3%) of the 97 admissions for inflammatory polyneuropathies. These 80 admissions corresponded to 50 patient charts because some patients were admitted repeatedly. The most frequent causes of inflammatory polyneuropathy were arboviruses (n=14, 28.0%), followed by other viruses (18.0%) (Table [1](#ijgo13050-tbl-0001){ref-type="table"}). Table [2](#ijgo13050-tbl-0002){ref-type="table"} reports antecedent conditions and symptoms of inflammatory neuropathy associated with arboviruses. The average age of the patients was 42 years (interquartile range, 27--51 years) and the male:female ratio was 0.67. Of the 14 patients with inflammatory polyneuropathies caused by arboviruses, 12 had classic GBS (85.7%), one had the Miller‐Fisher variant of GBS, and another had progressive idiopathic neuropathy instead of GBS or an arboviral infection.

###### 

Causes of inflammatory polyneuropathies in individuals (n=50) hospitalized in Metropolitan Area II from 2015--2017 based on the categories of Martyn and Hughes[8](#ijgo13050-bib-0008){ref-type="ref"} plus arboviruses

  Causes of inflammatory neuropathy                   No. (%)
  --------------------------------------------------- -----------
  I. Diabetic neuropathy                              5 (10.0)
  II\. Hereditary neuropathy                          
  Familial amyloid polyneuropathy                     1 (2.0)
  Demyelinating motor sensory polyneuropathy          2 (4.0)
  III\. Infectious and inflammatory neuropathy        
  Demyelinating chronic inflammatory polyneuropathy   3 (6.0)
  Hepatitis                                           1 (2.0)
  Arbovirus                                           14 (28.0)
  HIV                                                 2 (4.0)
  Other viruses                                       9 (18.0)
  Respiratory infection                               1 (2.0)
  IV\. Alcoholism                                     1 (2.0)
  V. Vaccination                                      3 (6.0)
  VI\. Other                                          
  Unknown                                             8 (16.0)

John Wiley & Sons, Ltd

###### 

Signs and symptoms of inflammatory polyneuropathies associated with arboviruses (n=14)

  Signs and symptoms of neuropathy   No. (%)
  ---------------------------------- ----------
  Musculoskeletal symptoms           
  Arthralgia/myalgia                 5 (35.7)
  Back pain                          2 (14.3)
  Nervous system symptoms            
  Paresthesia                        7 (50.0)
  Headache                           2 (14.3)
  Paraparesis                        7 (50.0)
  Paraplegia                         2 (14.3)
  Tetraparesis                       5 (35.7)
  Tetraplegia                        2 (14.3)
  Facial paralysis                   5 (35.7)
  Weakness                           9 (64.3)
  Dysarthria                         1 (7.1)
  Dysphagia                          2 (14.3)
  Gait disturbance                   2 (14.3)
  Encephalitis                       1 (7.1)
  Respiratory symptoms               
  Shortness of breath                1 (7.1)
  Gastrointestinal symptoms          
  Incontinence                       2 (14.3)

John Wiley & Sons, Ltd

Of the 14 cases of inflammatory polyneuropathy associated with arboviruses, nine were treated with immunoglobulin. Of the 14 cases with inflammatory polyneuropathy and arboviruses, Zika virus infection was confirmed by reverse transcriptase polymerase chain reaction in one (6.7%) patient; one patient had chikungunya virus confirmed by serology and one patient was positive for dengue virus by laboratory exams. The other 11 (78.6%) patients were diagnosed with arbovirus infection based on clinical symptoms. Of the 14 patients, 8 (57.1%) presented with cutaneous rash, 7 (50.0%) with fever, and 3 (21.4%) conjunctivitis (Table [2](#ijgo13050-tbl-0002){ref-type="table"}). A total of 9 (64.3%) of these 14 patients were treated with intravenous immunoglobulin. No patient was treated with plasma exchange. Five (55.6%) of the nine treated with intravenous immunoglobulin were transferred to other hospitals because the treatment was not available at the first hospital to which they were admitted. As of 2018, 12 (85.7%) of the 14 had no motor deficits, one still had facial paralysis, and one remained quadriplegic.

4. DISCUSSION {#ijgo13050-sec-0008}
=============

While it is well established that infection with pathogens that cause inflammation can result in neuropathy,[8](#ijgo13050-bib-0008){ref-type="ref"} there have been few epidemiological studies of neuropathies in Brazil. Our results indicated that increases in GBS were related to the epidemics of H1N1 in 2009, dengue virus type 4 in 2013, and Zika virus in 2015. In 2009, a novel reassortant influenza A subtype H1N1 spilled over from swine to immunologically naïve human populations.[11](#ijgo13050-bib-0011){ref-type="ref"} In the state of Rio de Janeiro, H1N1\'s arrival was followed by an increase in GBS. The increases in GBS in 2013 and 2015 coincided with the introduction of novel arboviruses. Although the H1N1 epidemic in 2009 coincided with an increase in GBS, none of the patients whose charts we reviewed in 2015--2017 had symptoms of influenza or recent influenza vaccination. Epidemiological studies have not demonstrated a relationship between influenza vaccination and increased risk of GBS.[12](#ijgo13050-bib-0012){ref-type="ref"} GBS incidence may have been lower in the winter because arboviral infections happen predominantly in the summer, spring, and fall.

These results support previous findings indicating an association between arboviruses and neuropathies in Brazil during the Zika virus epidemic.[4](#ijgo13050-bib-0004){ref-type="ref"}, [13](#ijgo13050-bib-0013){ref-type="ref"}, [14](#ijgo13050-bib-0014){ref-type="ref"}, [15](#ijgo13050-bib-0015){ref-type="ref"} The rates of rash, facial paralysis, and paraparesis in patients with GBS in Metropolitan Area II are similar to those previously reported for GBS cases in Latin America and the Caribbean.[3](#ijgo13050-bib-0003){ref-type="ref"}, [4](#ijgo13050-bib-0004){ref-type="ref"}, [15](#ijgo13050-bib-0015){ref-type="ref"}, [16](#ijgo13050-bib-0016){ref-type="ref"}, [17](#ijgo13050-bib-0017){ref-type="ref"} Our classification of the cause of inflammatory polyneuropathies was based on signs and symptoms reported by the patient and investigated by physicians. However, the causes are not mutually exclusive. For example, a patient could be diabetic, HIV seropositive, use corticosteroids, have alcoholism, and have a silent Zika virus infection, as up to 60% of cases are asymptomatic.[18](#ijgo13050-bib-0018){ref-type="ref"} Although the most frequent causes of GBS around the world are *Campylobacter*,*Cytomegalovirus*, and influenza, in our chart review no patient was diagnosed with them. However, for nine patients the diagnosis was "other viruses." The other viruses may have represented cases of *Campylobacter*,*Cytomegalovirus*, or influenza.

The Zika virus epidemic in Brazil is unique in that Brazil is the only country with simultaneous transmission of four medically important arboviruses: chikungunya, dengue virus, Zika virus, and yellow fever virus. All four can cause neurological and neuromuscular complications including GBS.[19](#ijgo13050-bib-0019){ref-type="ref"}, [20](#ijgo13050-bib-0020){ref-type="ref"} Distinguishing between chikungunya, dengue virus, and Zika virus is difficult because of similar signs and symptoms and the low sensitivity and specificity of laboratory assays.[21](#ijgo13050-bib-0021){ref-type="ref"}

Due to the difficulty of distinguishing among arboviruses in the analysis of syndromic surveillance, we pooled suspected cases of Zika virus and dengue virus into the category of arboviruses. Nevertheless, the model based on Zika alone explained GBS cases better than the model based on Zika + dengue virus (arboviruses). Adding dengue virus to the model failed to improve goodness of fit because the epidemics that occurred in the early 2000s were not accompanied by an increase in GBS, and the incidence of dengue virus was low in 2015--2016.[22](#ijgo13050-bib-0022){ref-type="ref"} The predictive model was more accurate in the metropolitan area of the city of Rio de Janeiro, which is primarily urban, than across the whole state of Rio de Janeiro, which encompasses urban and rural areas. Poorer accuracy in rural areas could be due to less intensive epidemiological surveillance or fewer *Aedes* mosquitos in these areas.

Chart review indicated that suspected Zika virus cases were seldom confirmed by laboratory exams. To this extent, we can only report that patients had some type of arbovirus, but cannot determine whether it was chikungunya, dengue, or Zika virus. Differential diagnosis of *Flavivirus* species is complicated because commercial tests for dengue virus cross‐react to Zika virus antibodies and vice versa.[23](#ijgo13050-bib-0023){ref-type="ref"}, [24](#ijgo13050-bib-0024){ref-type="ref"}

The present study has several implications for planning the treatment of neurological complications of arboviruses. Five (55.6%) of the nine patients treated with intravenous immunoglobulin were transferred to a different hospital. On the other hand, none of the patients admitted to a neurology reference hospital were transferred. It appears that only reference hospitals had access to intravenous immunoglobulin, whereas the treatment was not available in other public hospitals. To fill this gap, there is a need for public health decision makers to assure the supply of intravenous immunoglobulin in the public health institutions network. This would likely reduce the need for transfers, which worsen GBS patient outcomes and are costly.[25](#ijgo13050-bib-0025){ref-type="ref"} We found that it is possible to predict the timing and location of hospitalizations with GBS with a statistical model using data on arbovirus cases. GBS typically presents 1--2 weeks after infection.[1](#ijgo13050-bib-0001){ref-type="ref"} Using our models, if syndromic surveillance detects an increase in arboviruses in a health district, decision makers would have 1--2 weeks to allocate intravenous immunoglobulin to the district\'s hospitals to prepare for GBS cases.

A limitation of this study is the diagnosis of suspected arbovirus infections. Diagnosis was primarily based on clinical signs and symptoms, which could not be confirmed by laboratory diagnosis in 78.6% of cases. Further, as this study was hospital based, we would not have detected inflammatory polyneuropathies that did not result in hospitalization. In addition, since the analysis was limited to the state of Rio de Janeiro, which had a high incidence of Zika virus, it is unknown whether our conclusions apply to other regions where outbreaks were smaller.

Predictive modeling is useful for forecasting future observations, explaining processes, and testing theories.[26](#ijgo13050-bib-0026){ref-type="ref"} We utilized predictive modeling to test the hypothesis that an emerging virus, namely Zika virus, could explain cases of GBS in the population of Rio de Janeiro. The model accurately predicted the pattern of occurrences of GBS across the state. Further, the model consisting of Zika virus alone outperformed the model with all arboviruses, which underscores the important role that this emerging virus plays in the occurrence of GBS.
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**Figure S1.** Zika virus incidence in the state of Rio de Janeiro by health district.

**Figure S2.** Clinical cases of dengue virus in the state of Rio de Janeiro, 2001--2017 according to SINAN.

**Table S1.** Notation for the hhh4 time series model to predict the number of cases of GBS per health district in each month.

**Table S2.** Formulation of the hhh4 model. α^ν^, β^ν^, γ, δ, α^λ^, β^λ^, ϕ~it~ e ψ~i~ were estimated from the data using the library SURVEILLANCE in R.[6](#ijgo13050-bib-0006){ref-type="ref"}

**Table S3.** hhh4 model based on Zika virus cases in the state of Rio de Janeiro, 1997--2017. Values in bold indicate *P*\<0.05.

**Table S4.** hhh4 model based on Zika + dengue virus in the state of Rio de Janeiro, 1997--2017. Values in bold indicate *P*\<0.05.
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